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• Personal assistant

• Smart connected 
object

IOT

• Medical Imaging

• Drug research

Healthcare

• Fraud detection

• Prediction of 
financial flows

Finance

• Route optimization

• Autonomous
driving

Autonomous driving



Type of problems
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Données

Labelled

Partially labelled

Unlabelled

Apprentissage

Supervised

Semi-supervised

Unsupervised
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Supervised Learning Unsupervised Learning
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•PCA

•LDA

•SVD

•Logistic
Regression

•Gradient 
Boosting Tree

•K-means

•DBSCAN

•Mixture 
models

•Random
Forest

•SVM

•KNN

Classification Clustering

ReductionRegression

Continuous data

Discrete data
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3 decisive factors
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Data

FrameworkHardware
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Amount of data

Deep Learning

Traditionnal
Machine Learning

Amount

Open source

Collaboration

Competitions



Frameworks and libraries
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Keras

CNTK

TensorFlow PyTorch



Hardware
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CPU

GPU

TPU

FPGA



Linear regression
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𝑌 = 𝑋 ∙ Θ + 𝑁

𝑥

𝑦

෠𝑌 = 𝑋 ∙ ෡Θ

• ෡Θ = 𝑋𝑇 ∙ 𝑋 −1 ∙ 𝑋𝑇 ∙ 𝑌

Convex problem : Direct solution

Cost
function

With :  
Θ = 𝑎, 𝑏
𝑁 , noise



Non-linear problem?
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Logistic regression
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Σ.

𝚯

෠𝑌𝑋

Cross-entropy loss



Activation functions
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1 neuron
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𝑓(𝑊𝑋 + 𝑏)

𝑥1

𝑥2

𝑥3



Neural networks
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Hidden Layer
Input 
Layer

Output 
Layer
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• Linear systems
• LU, QR, Cholesky, Jacobi, Gauss-Seidel, CG, PCG, …

• Non-linear systems
• First order : Gradient Descent, SGD
• Second order : Newton, Gauss-Newton, LM, (L)BFGS

• Autres
• Genetic algorithms, Metropolis-Hastings, …
• Complex and constrained solver : ADMM, Primal-Dual, …



Gradient descent
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𝑥

𝑥

• Gradient descent

• ෡Θ𝑡+1 = ෡Θ𝑡 − 𝜂 𝜵𝜣ℒ(ෝ𝑦𝑖 , 𝑦𝑖)
• 𝜂 Learning rate

Iterative solution

Θ

ℒ

Θ

ℒ

𝜂



Training a model
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Training

Inference

෡Θ𝑋 ෠𝑌

𝑌 𝐿

Optimization

Loss function

Predictions

Labels

Input

Model parameters



Loss function
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• Regression loss

- Average absolute deviation :  𝐿 𝑦, ො𝑦, 𝜃 =
1

𝑛
σ𝑖
𝑛 𝑦𝑖 − ෝ𝑦𝑖

- Least squares method :  𝐿 𝑦, ො𝑦, 𝜃 =
1

𝑛
σ𝑖
𝑛(𝑦𝑖 − ෝ𝑦𝑖)

2

• Classification loss

- Cross-Entropy : E 𝑦, ො𝑦, 𝜃 = −
1

𝑛
σ𝑖
𝑛σ𝑗

𝑚 𝑦𝑖𝑗 log ෞ𝑦𝑖𝑗



Regularization
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෡Θ𝑡+1 = ෡Θ𝑡 − 𝜂 ∇Θ ℒ ෝ𝑦𝑖 , 𝑦𝑖 + λ 𝑅(෡Θ𝑡)

L1 : LASSO L2 : Ridge

Θ Θ2



Calculation graph and chain rule
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Forward pass
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Backward pass
IDRIS ( CNRS )    - Hands-on Introduction to Deep Learning    - v.2.0 28



Backward pass
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Gradient Flow
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𝑥

𝑦

𝑧

𝜕𝐿
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𝜕𝑧
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𝜕𝑥
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Gradient Flow
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𝑥

𝑦

𝑧

𝜕𝐿

𝜕𝑧

𝜕𝑧

𝜕𝑦

𝜕𝑧

𝜕𝑥

𝝏𝑳

𝝏𝒙
=

𝝏𝒛

𝝏𝒙

𝝏𝑳

𝝏𝒛

Vectors Vector

𝝏𝒛𝟏
𝝏𝒙𝟏

…
𝝏𝒛𝟏
𝝏𝒙𝒏

⋮ ⋱ ⋮
𝝏𝒛𝒏
𝝏𝒙𝟏

…
𝝏𝒛𝒏
𝝏𝒙𝒏



Network size
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